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This study examined whether Spanish-English bilinguals are able to fully differentiate Spanish 

and English/t/according to voice-onset time (VOT) if they learn English as a second 

language (L2) in early childhood. In experiment 1, VOT was measured in Spanish words 
spoken by Spanish monolinguals, in English words spoken by English monolinguals, and in 
Spanish and English words spoken by bilinguals who learned English either as young children 
or as adults. As expected, the Spanish monolinguals produced/t/with considerably shorter 
VOT values than the English monolinguals. Also as expected, the late L2 learners produced 
English/t/with "compromise" VOT values that were intermediate to the short-lag values 
observed for Spanish monolinguals and the long-lag values observed for English monolinguals. 
The early learners' VOT values for English/t/, on the other hand, did not differ from English 
monolinguals' VOT. The same pattern of results was obtained for stops Jin utterance-medial 
position and in absolute utterance-initial position. The results of experiment 1 were replicated 
in experiment 2, where bilingual subjects were required to produce Spanish and English 
utterances (sentences, phrases, words) in alternation. The results are interpreted to mean that 
individuals who learn an L2 in early childhood, but not those who learn an L2 later in life, are 
able to establish phonetic categories for sounds in the L2 that differ acoustically from 
corresponding sounds in the native language. It is hypothesized that the late L2 learners 
produced/t/with slightly longer VOT values in English than Spanish by applying different 
realization rules to a single phonetic category. 

PACS numbers: 43.70.Ep, 43.70.Kv 

INTRODUCTION 

The native language (L1) one learns in early childhood 

and a second language (L2) learned later in life often influ- 

ence one another. This has been shown to be true for process- 

ing in the semantic domain (e.g., Lambert and Rawlings, 
1969; Obler and Albert, 1978; Magiste, 1979; Mack, 1986), 
in the syntactic domain (Blair and Harris, 1981; Mack 

1986), and in the phonological domain (Altenberg and 
Cairns, 1983). It is still uncertain whether such mutual in- 

fluenee holds true in the phonetic domain, at least for indi- 

viduals who learn two languages in early childhood. The 
present study explored the degree olindependence ofL 1 and 
L2 phonetic systems by examining in detail the production 

of/t/in Spanish and English by two groups of Spanish- 

English bilinguals: "early learners" first exposed to English 

at the age of 5-6 years and "late learners" who began learn- 
ing English as adults. 

The/t/of Spanish and English differ in two major ways. 

The Spanish/t/is formed with the tongue tip and blade 
against the teeth, whereas the English/t/is formed with 
contact against the alveolar ridge (Dalbor, 1980). Voiceless 

stops in the two languages also differ in glottal-supraglottal 
timing. The/t/of Spanish is a voiceless unaspirated stop 
with short-lag voice-onset time (VOT) values, whereas the 

/t/of English is a voiceless aspirated stop with long-lag VOT 
(Abraham and Lisker, 1973; Williams, 1977a; Flege and 
Eftting, 1986). 

Even though the acoustic differences resulting from 
these articulatory differences may be detectable (Flege and 

Hammond, 1982; Flege, 1984; Flege, 1990c), listeners seem 

to classify realizations of/t/in Spanish and English as the 
"same" a•I a phonological level. For example, Born and 
Flege (1990) found that Spanish monolinguals consistently 

identified long-lag English [t h ] tokens as/t/in a two-alter- 
native forced-choice test. English monolinguals identified 
Spanish short-lag [t] tokens as/t/in the majority of in- 

stances even though they had VOT values that, in an experi- 

ment with synthetic stimuli, would be expected to give rise to 
the perception of/d/(Williams, 1977b; Flege and Eefting, 

1986; see also Forrest and Rockman, 1988). It thus appears 
likely that Spanish-English bilinguals filter out at least some 

of the audible acoustic phonetic differences between realiza- 

tions of Spanish and English/t/because such differences are 

not used to contrast meaning in either language (Trubetz- 
koy, 1939; Weinre, ich, 1953; Morosan and Jamieson, 1989). 

Grosjean (1982, 1985, 1989; Grosjean and Soares, 1986; 
see also @bler and Albert, 1978) claimed that the two lan- 

guage systems of bilinguals can never operate completely 
independently of one another because both systems are acti- 
vated at all times, at least to some degree. This view suggests 
that it m•ty be impossible for anyone who learns an L2 to 

prevent pronunciation characteristics of the L1 from influ- 
encing the, ir pronunciation of the L2, even if they learned the 
L2 as young children (see Asher and Garcia, 1969; Thomp- 

son, 1984). Flege (1988a, 1990a), on the other hand, hy- 
pothesized that complete separation of sounds in the L 1 and 

L2 phonetic inventories is possible, at least for early learners. 

According to Flege's speech learning model (hence- 

forth, SLM), a native Spanish-speaking child who is first 
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exposed to English by the age of 5 or 6 years will establish a 
separate phonetic category for English/t/in addition to the 

one already established for Spanish/t/. Spanish speakers 
who learn English later in life, on the other hand, are not 

expected to add phonetic categories for "similar" L2 sounds 

such as English/t/. By hypothesis, the mechanism of equiv- 
alence classification prevents them from noting acoustic 
phonetic differences between Spanish [t] and English [t h ] 
phones, thereby preventing them from establishing a pho- 
netic category for English/t/. Also by hypothesis, a phonet- 

ic category is needed for the accurate production and opti- 
mally efficient perception of speech sounds. 

Since Spanish/t/and English/t/are apt to be identified 

with one another, an examination of how bilinguals produce 
these sounds will provide an even stronger test of the "pho- 
netic independence" hypothesis derived from Flege's SLM 
than would an examination of English sounds that might 
potentially evade equivalence classification by virtue of dif- 

fering greatly from any sound in the Spanish phonetic inven- 
tory (see Flege, 1987a). Grosjean's "constant dual activa- 

tion" hypothesis would be supported for the phonetic 
domain if it were shown that both late and early L2 learners 

were unable to fully differentiate the/t/sounds in Spanish 
and English (that is, if both bilingual groups produced Eng- 
lish/t/with significantly shorter VOT values than a group 
of English monolinguals). Support for a phonetic indepen- 
dence hypothesis (Flege, 1988a, 1990a) would be provided 
by the finding that late L2 learners but not early L2 learners 

differed significantly from English monolinguals in produc- 
ing English/t/. 

L2 speech production research has shown that few late 

learners fully differentiate/p,t,k/in their two languages if 
voiceless stops in the L1 are realized with short-lag VOT 
values and voiceless stops in the L2 are realized with long-lag 
VOT values. Previous studies have shown that many adult 

L2 learners produce English /p,t,k/ with significantly 
shorter VOT values than English monolinguals, but with 
significantly longer ¾OT values than monolingual native 

speakers of the learners' L 1 (e.g., Flege and Port, 1981; Port 
and Mitleb, 1980, 1983; Nathan, 1987; Flege, 1987a; Major, 
1987. Lowie, 1988). When late learners' VOT values for 

English/p,t,k/are intermediate to the values observed for 

monolingual speakers of the L 1 and L2 they are said to have 

been produced with "compromise" values (Williams, 

1980). The seeming limitation on how accurately VOT in 

English/p,t,k/is produced also seems to apply to adoles- 
cents and older children (Williams, 1979 1980. Suomi, 1980; 

Flege and Eefting, 1987b; Schmidt, 1988). • Flege and Hil- 
lenbrand (1984) hypothesized that an upper limit exists on 
the extent to which late L2 learners can approximate the 

phonetic norm of English for/p,t,k/based on the observa- 
tion that compromise VOT values are common for late L2 
learners. 

Not all late learners produce English/p,t,k/with com- 
promise values, however. Some have produced English 
/p,t,k/with short-lag VOT values resembling those typical 
for/p,t,k/in the L 1, suggesting they simply produced Eng- 
lish words with L1 sounds. It is possible that such individu- 
als fail to detect VOT differences between voiceless L 1 and 

L2 stops. Contrary to the "upper limit" hypothesis of Flege 
and Hillenbrand (1984), a few subjects in previous studies 

have been observed to produce English/p,t,k/with VOT 
values that equaled or even overshot 2 values for native 

speakers of English (e.g., Suomi, 1980; Major, 1987; Flege 
and Eefting, 1987b). 

The majority of subjects in previous studies who have 
produced/p,t,k/with longer VOT values in English than in 
their L1 must surely have noted at least some of the acoustic 

differences distinguishing L 1 and L2 stops. It is uncertain at 
present, however, whether they differed from native speak- 
ers of English because their perceptual knowledge of English 
/p,t,k/was inaccurate, their ability to reproduce what they 
heard was imperfect, or some combination of both. It is also 

uncertain from previous research whether early learners are 
better able than late learners to produce English/p,t,k/with 
VOT values resembling those of native speakers. 

The results of several studies suggest that early learners 
may fully differentiate /p,t,k/ in L1 and L2. Williams 

(1977b) reported that adults who learned both English and 
Spanish by the age of six years did not differ from English 
monolinguals in producing English stops, nor differ from 
Spanish monolinguals for Spanish stops. Mack (1989) 
found that adults who had learned both French and English 
by the age of 7 years did not differ from English monolin- 
guals in producing English/t/. Fokes et al. (1985) exam- 

ined English stops spoken by 12 native Arabic children rang- 
ing from 2-11 years of age. All but one seemed to have 

produced English/p/and/t/with VOT values that were as 

long (or longer) than those typical for native English chil- 
dren. 

Other research indirectly supports the view that early 
learners may fully differentiate the/p,t,k/of their L1 and 
L2. Native Chinese subjects who began learning English at 
an average age of 7.6 years were found to produce English 
sentences with a detectable foreign accent, whereas Spanish 
subjects who began learning English by the age of 5 to 6 years 
produced the same sentences without an accent (Flege, 
1988b, 1990b). Strength of foreign accent in sentences is 
known to be inversely related to VOT in English/p,t,k/ 
(Flege and Eefting, 1987b; Major, 1987). Thus individuals 
who begin learning English in early childhood, but not those 
who begin learning English in later childhood or as adults, 
may produce English/p,t,k/with authentic VOT values. 

The results of other L2 production studies, on the other 

hand, suggest that even early learners may fail to produce 
'English /p,t,k/ authentically. Caramazza et al. (1973) 

found that native French speakers who began learning Eng- 
lish by the age of 7 years produced English/p,t,k/with sig- 
nificantly shorter VOT values than native speakers of Eng- 
lish. Flege and Eefting (1987a) also found that native Span- 
ish adults and children who began learning English L2 by 
the age of 5 to 6 years produced English/p,t,k/with signifi- 
cantly shorter VOT values than age-matched groups of na- 
tive English subjects. These studies suggest that early learn- 
ers may be unable to fully differentiate/p,t,k/in Ll and L2, 
and thus support the view that both the LI and L2 phonetic 
systems remain activated to some degree. 

There is reason to think, however, that the two studies 
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just cited do not indicate accurately how well early learners 

may produce L2 stops. It is not certain what kind of English- 
language input subjects in the Caramazza et al. (1973) study 

received, nor how well they spoke English. Since French was 
the dominant language spoken in the city where the study 

was carried out (Montreal), the possibility exists that the 

early learners examined by Caramazza et al. did not receive 

sufficient native speaker input to enable them to produce 

English/p,t,k? authentically. VOT values in English stops 
spoken with a French accent are typically shorter than VOT 

values in English stops spoken by English monolinguals 
(Flege and Hillenbrand, 1984; Flege, 1987a). The French- 
English bilinguals examined by Caramazza et al. may simply 

have produced English stops with VOT values resembling 
those in the English stops they had heard. The same might 
also be true for the Puerto Rican subjects examined by Flege 

and Eefting (1987a), who were living in a predominantly 

Spanish-speaking community (Mayaguez, Puerto Rico) at 
the time of the study. 

In summary, previous research has established that late 

learners are apt to produce English/p,t,k/with VOT values 

that are too short for English. It remains uncertain as to 
whether early learners will also differ from native speakers of 

English, or if they will fully differentiate corresponding L 1 

and L2 stops. Few previous studies have examined whether 

learning an L2 affects how bilinguals produce stops in their 
L 1. It appears that no previous study has directly compared 

the production of L2 stops by early and late learners. Thus 

the purpose of the present study was to determine how close- 
ly early and late learners would resemble native speakers of 

English in producing English /t?, and whether learning 
English would affect their production of Spanish/t/. 

Experiment I examined VOT values in utterance-initial 
and utterance-medial stops in Spanish and English words 
that were read from lists. Experiment 2 replicated and ex- 

tended experiment 1. Its aim was to determine if the same 

Spanish versus English VOT differences seen in experiment 
1 would be observed when subjects were required to produce 

Spanish and English utterances in alternation. In Sec. III, 
possible underlying bases for the differences between early 

and late learners observed in experiments I and 2 are dis- 
cussed in the context ofFlege's ( 1988a, 1990a) speech learn- 
ing model. 

I. EXPERIMENT 1 

A. Methods 

1. Subjects 

Two groups of monolinguals and two groups of bilin- 
guals (six males and four females per group) participated as 

paid subjects. As summarized in Table I, the Spanish and 
English monolinguals differed little in mean age (30 vs 26 
years). The English monolinguals were students at the Uni- 
versity of Texas. The Spanish monolinguals were recruited 

at a refugee center in Austin, TX. Most had lived in the U.S. 
for less than 3 months at the time of testing. Only a few of 
them reported having studied English in school. 

Subjects in the other two groups were native speakers of 

Spanish who learned English as an L2. The early learners 
indicated that they were first exposed massively to English 

TABLE I. Characteriistics of monolingual native speakers of Spanish and 
English who participated in experiment 1. "POB" indicates place of birth. 

Spanish English 
Subject Age Sex POB Age Sex POB 

I 40 M Mexico City 41 F Bethesda, MD 

2 23 F Monterey 22 F Tampa, FL 

3 46 M Veracruz 20 F Ft. Benning, GA 
4 26 MEn Escinapa 21 M Houston, TX 
5 48 M Mexico City 22 M Farmers Branch, TX 
6 17 M San Luis Potosi 44 M Port Arthur, TX 

7 17 M Mexico City 20 M Akron, OH 

8 31 F Frontera 21 M New London, CT 
9 20 F San LuisPotosi 26 F Hondo, TX 

10 32 F Frontera 21 M Cleburn, TX 
M 30 26 

when they started school in Texas at the age of 5-6 years. 
Four of the early learners were born in Mexico, the rest in 

Texas border towns. Only individuals who had native Eng- 

lish teachers in the first three primary grades, and/or had a 

majority of native English classmates in those grades, were 

included in the early L2 group. The early learners reported 
being unable to speak English when they began school, a 
claim that seems reasonable in light of demographic data 
(see Fernandez and Molinet-iMolina, 1988). A study by 

Flege (1990b) showed that, even though English was their 

second language, the early learners spoke it without accent. 

The Spanish-speaking research assistant who recorded the 
early learners in Austin indicated that their Spanish was also 

unaccented, but this was not tested formally. 

The late learners did not begin learning English until 

they were adults. Four of them were recorded in Austin, the 

remaining; six in Birmingham. The late learners differed 
from the early learners principally according to the age of L2 

learning. However, the two groups of bilinguals differed in 

other ways, as summarized in Table II. Compared to the 

early learners, the late learners were somewhat older (34 vs 

29 years), had less formal education in English (6 vs 13 

years), aud spoke English somewhat less on a daily basis 

according: to self-report (66% vs 82% ).3 The late learners 
had arrived in the U.S. at a much later average age (20 vs 2 

years), and so had lived there for a shorter total period of 
time than the early learners ( 14 vs 21 years). 

•. Materials and procedures 

Owing to phonological differences between Spanish and 
English, it was not possible to find lists of matched English 
and Spanish words. The words chosen, however, were all 
disyllabic and had vowels of approximately the same quality 
following the word-initial/t/. The native Spanish subjects 
read Spanish words at the end of the Spanish carrier phrase 
"Tengo un ." H.'df of the Spanish words were followed by 
/i/ (tigre', •ipo, tiro, timbre), the other four by/•/ ( tema, 
termo, templo, texto). 4 The English monolinguals and the 
Spanish-English bilinguals read English words with/i/or 
/el (t-bone, teapot, teabag, t-shirt, teller, temple, textbook, 
tempo) at the end of the English carrier phrase "Take a ." 

The Spanish and English materials were elicited in-•he 
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TABLE II. Characteristics of the early and late L2 learners who participat- 
ed in experiment 1. The 14 subjects who later participated in experiment 2 
are marked by an asterisk. 

Early L2 Learners 

Subject Age Sex POB a EDU b AOA' LOR a PER' 

1' 23 F Edinburgh, TX 12 0 23 90 
2* 26 M Mexico City 12 6 20 70 

3* 19 M Guadalajara 13 5 14 
4* 20 F Farr, TX 13 0 20 80 

5 23 F Dallas, TX 12 0 23 90 

6* 20 F Obregon 11 3 15 80 
7* 23 M unknown 13 I 22 75 

8 21 F erie 13 0 21 90 

9 24 M Laredo, TX 16 0 24 80 

10' 26 M Taft, TX 13 0 26 85 

M 29 13 2 21 82 

Late L2 Learners 

Subject Age Sex POB' EDU bAOA c LOR • PER e 

1' 28 M Mexico City, Mex. 0 18 10 70 
2* 23 M Juarez, Mex. 6 13 10 50 

3* 37 F Montetrey, Mex. 10 12 25 50 
4* 19 F Matamoros, Mex. 7 11 8 70 
5* 41 M Chile 6 24 17 73 

6 38 F Ecquador 12 14 24 90 
7 53 F Panama 0 35 18 95 

8 28 M Nicaragua 7 18 10 50 
9* 33 M Guatemala 5 26 7 75 

10' 40 F Chile 4 26 14 35 

carrier phrases) and the other in utterance-medial position 
(in the/t/initiating test words at the end of the carrier 

phrases). VeT was measured to the nearest 0.1 ms from the 
screen of a graphics terminal from the beginning of the re- 

lease burst to the first positive peak in the periodic portion of 
the waveform. 

A total of four mean VeT values were calculated for 

each subject. Mean values for/t/in the test words beginning 
with/i/and/e/were calculated, most based on seven obser- 

vations. The few missing data points were due to the absence 
of a visible release burst, which made it impossible to mea- 

sure VeT. Two mean values were calculated for stops in 
utterance-initial position. One was for utterances ending in 
test words with/i/, the other for utterances with/e/test 

words. 

Measurement reliability was assessed using the test-re- 

test approach. The assistant who measured VeT remea- 
sured 20 randomly selected utterance-initial and 20 utter- 

ance-medial /t/ tokens several weeks later. The average 

(unsigned) difference between the two sets of measurements 
was 1.5 mm for both the utterance-initial and utterance-me- 

dial stops. The largest difference noted was only 5.3 ms so, of 
course, the first and second sets of measurements were high- 
ly correlated (r ---- 0.997 for utterance-initial stops, r = 0.999 

for utteranee-medial steps). 

M 34 6 20 14 66 

Place of birth. 

Years of formal instruction in English. 
Age of arrival in the U.S., in years. 
Length of residence in the U.S., in yearn 
Self-estimated percentage daily use of English. 

appropriate languages by bilingual research assistants? The 
monolingual subjects produced only the Spanish or English 
materials, whereas the bilinguals produced both in counter- 
balanced order. Instructions were given to the monolinguals 
in Spanish or English, as appropriate. The bilingual subjects 

assigned to produce the Spanish materials first heard the 
Spanish instructions, and vice versa. The subjects were told 

that the experiment examined speech, but not that their pro- 
duction of/t/would be assessed. They were instructed to 

read each sentence "as if talking to...friends" at a constant 

speaking rate and loudness level, and to repeat any utterance 
with which they were unsatisfied. The subjects said the num- 

ber of each utterance (in the appropriate language), paused, 
then produced the utterance. The reading task was modeled 

at a moderate speaking rate on the instruction tape using a 
list of utterances resembling those on the randomized lists. 

3. Measurements 

Each of the test words occurred three times on the Span- 

ish and English lists. A total of 14 utterances from the mid- 
dle of each list were digitized at 10 kHz. Each utterance 
contained two word-initial/t/tokens, one in absolute utter- 

ance-initial position (i.e., the/t/in take and tengo in the 

B. Results 

1. Utterance roedial stops 

Figure 1 (bottom) shows the mean VeT values for 
Spanish and English/t/tokens that were produced in utter- 
ance-medial position. The values shown here have been aver- 
aged across the/i/and/e/contexts, the effect of which will 

be discussed below. As expected, the monolingual English 

speakers'/t/had substantially longer VeT values than that 

of the Spanish monolinguals (64 vs 22 ms). Also as expect- 

ed, both the early and the late learners produced/t/with 
longer VeT values in English than Spanish. The late learn- 

ers produced English/t/with shorter VeT values (40 ms) 
than the English monolinguals, whereas the early learners' 
English/t! had the same mean values (viz. 64 ms) as the 
English monolinguals'. The mean VeT values obtained for 
each of the 30 subjects who produced the English speech 

material were submitted to a (3) group X (2) vowel context 

ANOVA, which yielded a significant group main effect 
[F(2,27) ---- 14.0, p < 0.05 ]. Newman-Keuls post hoc tests 
revealed that the English monolinguals and early learners 

produced English/t! with significantly longer VeT values 
than the late learners, but did not differ significantly from 
one another (p < 0.05). 

The early and late learners did not differ in producing 
stops in their LI. The subjects in both bilingual groups pro- 
duced Spanish/t? with an average VeT of 20 ms, which was 
slightly shorter than the mean value observed for Spanish 
monolinguals (viz. 22 ms). The mean VeT values obtained 

for the 30 subjects who produced Spanish words in the con- 
text of/i/and/e/were submitted to a ( 3 ) group X (2) vow- 
el context ANOVA. The group factor was nonsignificant 
[F(2,27) = 0.447]. This suggests that having learned Eng- 
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FIG. 1. (top) VOT in the stops initiating Spanish and English carrier 

phrases. (bottom) The mean VOT value for the word-initial stops in Span- 
ish and English test words beginning in/t/that were spoken at the end of 

carrier phrases, in ms. Each mean VOT value is based on ten individual 

subject means which, in turn, were based on up to seven observations in each 
of two vowel contexts (/i/de/). The error bars enclose q- / - one stan- 

dard deviation. 

lish did not influence how the bilinguals produced stops in 
their LI. 

A (2) group X ( 2 ) language ANOVA was carried out to 
determine if the two groups of bilinguals differed significant- 

ly in terms of how well they differentiated the/t/of Spanish 

and English. The analysis yielded a significant interaction 
[F(1,18) = 12.9, p < 0.05 ], which was followed up by tests 

of the simple main effect of group. These tests showed that 
both the early and the late learners produced/t/with signifi- 

cantly longer VOT values in English than Spanish 
IF(1,9) = 138.1, 14.3; p < 0.05]. The interaction was prob- 
ably due, therefore, to the fact that the early learners pro- 
duced a substantially larger VOT difference between Span- 

ish and English/t/than the late learners (44 vs 20 ms). 

2. Utterance-inltial stops 

Figure 1 (top) shows the mean VOT values of Spanish 
and English/t/tokens spoken in absolute utterance-initial 

position. The monolingual English speakers produced/t/ 
with substantially longer VOT values than the Spanish mon- 
olinguals (51 vs 18 ms). The early learners produced Eng- 
lish/t/with about the same mean VOT value ( 53 ms) as the 

English monolinguals, whereas the late learners produced 
English/t/with a shorter mean value (33 ms). The group 
factor was significant in the ANOVAexamining the English 

/t/tokens [F(2,:!7) = 15.2, p <0.05]. A post hot' test re- 
vealed that the English monolinguals and the early learners 

had significantly longer VOT values than the late learners 
but did not differ from one another (p < 0.05). 

The early anti late learners produced Spanish/t/with 

VOT values that were about the same on the average as the 
Spanish monolinguals' mean values ( 19, 20 vs 18 ms). Not 

surprisingly, the group factor was nonsignificant in the AN- 

OVA examining Spanish stops [F(2,27) = 0.28 ]. 

A (3) group)((2) language ANOVA was carried out to 
examine the bilingual subjects' production of absolute utter- 

ance-initi,'tl stops in Spanish and English. This analysis yield- 

ed a significant interaction [ F( 1,18 ) = 18.2, œ < 0.05 ]. As in 
the analysis of utterance-medial stops, both the early and the 

late learners produced /t/with significantly longer VOT 
values in Englisla than Spanish [F(1,9)= 225.3, 8.75; 

p < 0.05 ]. The interaction was probably due to the fact that 

the early learners produced a larger Spanish versus English 
VOT difference tl•an the late learners (34 vs 13 ms). 

$. VOT variability 

To determine if the bilingual subjects were more vari- 

able in producing: English /t/than the English monolin- 
guals, intersubject variability was examined. Figure 2 shows 
the mean VOT values obtained for individual subjects in ut- 
terance-medial and utterance-initial English/t/tokens in 

the two vowel contexts. Visual inspection of this figure sug- 
gests that intersubject variability may have been greater 
among the'. nonnative than native subjects. However, an F• 
test showed that the assumption of homogeneity of variance 

for subjec[s in the three groups could not be rejected either 
for utterance-medial stops (F•,• = 1.63 with three var- 

iances and nine dfper variance) or for stops in absolute ut- 
terance-initial position (Fm• = 2.38) 

Most of the early learners produced English/t/in utter- 
ance-medial positi. on with mean VOT values that fell within 

or exceeded the range of values observed for native speakers 
of English (viz. 51-76 ms), whereas most of the late learners 
had mean VOT values that were less than the smallest value 

observed for any of the iEnglish monolinguals. Each of the 
early learners produced mean values for/t/in absolute ut- 

terance-initial position that fell within or exceeded the Eng- 
lish range (viz. 34--63 ms) whereas only about half of the late 

learners' •nean values fell within the English range. Some 
late learners produced English/t/in both utterance-medial 
and utterance-initial position with mean VOT values of 

about 20 ms, suggesting that they used a Spanish/t/in Eng- 
lish. All of the early learner's mean values exceeded 30 ms 

and could therefo•re be termed "long-lag" stops. 
A second method was used to determine if the bilingual 

subjects were more variable in producing English/t/than 
the English monolinguals. The standard deviations (s.d.) 
associated with each of the four mean VOT values obtained 

for each subject was calculated. Overall, the native English 
speakers' s.d. values differed little from those of the early and 
late learners (8.9 vs 9.8, 8.3 ). The s.d. values associated with 

the production of English /t/ were submitted to a (3) 

group • (2) vowel context X (2) utterance position 
ANOVA, which yielded a significant three-way interaction 
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of a carrier phrase, in ms; (bottom) the means for stops in the absolute 

initial position of the carrier phrase "Take a _ for the utterances with/i/ 
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[F(2,27) = 3.67,p < 0.05 ]. The interaction was explored by 
examining the simple main effect of group at all four 
vowel X utterance position combinations. The group factor 
was nonsignificant in every instance (p > 0.05), suggesting 
that the nonnative speakers were no more variable in pro- 
ducing English/t/than the native speakers. 6 

4. Effect of vowel context 

For word-initial English stops in utterance-medial posi- 
tion (that is, in the test words at the end of the carrier 

phrase), VOT was significantly longer in the context of/i/ 
than /e/ (60 vs 52 ms) [F(1,27) = 26.8, p<0.05]. For 

Spanish stops in the same position, VOT was also signifi- 
cantly longer in the context of/i/than/e/(23 vs 18 ms) 
[F(1,27) = 41.4, p < 0.05 ]. The group • vowel interactions 

were nonsignificant in the analyses of both Spanish/t/and 
English/t/. 

The vowel context effects probably had an aerodynamic 

basis. It appears that the time needed for the transglottal 

pressure drop needed for spontaneous voicing may take 
longer to reestablish itself after the release of stops that pre- 

cede vowels formed with tight lingual-palatal constriction 
than vowels without such a constriction.7 Vowel context ef- 

fects similar to the ones reported here for Spanish and Eng- 

lish stops have been noted in previous studies of stop produc- 

tion by English monolinguals (Port and Rotunno, 1979; 
Weismer, 1979). The vowel context effect will not be dis- 

cussed further since it does not appear to have resulted from 

language-specific phonetic learning. 

C. Discussion 

Spanish/t/was found to have VOT values of 22 ms in 

utterance-initial position, and 18 ms in absolute utterance- 

initial position. These values are slightly longer than values 
reported by Lisker and Abramson (1964) and Williams 

(1977a) for Spanish. English/t/was found to have ¾OT 

values of 64 ms in utterance-initial position, and 51 ms in 
absolute utterance-initial position. These values are also 

somewhat longer than values reported in some previous 
studies. For example, Lisker and Abramson (1967) report- 
ed a mean value of 48 ms for word-initial/t/tokens in utter- 

ance-medial position, and 45 ms for/t/tokens initiating 
words spoken in isolation (and thus in absolute initial posi- 
tion). These differences between studies can probably be at- 
tributed to differences in vowel context, degree of stress, and 
speaking rates. 

The primary purpose of experiment I was to determine 
if Spanish-English bilinguals would be able to fully differen- 
tiate/t/in their two languages, that is, to produce a VOT 

difference equal to the difference between Spanish and Eng- 
lish monolinguals. The results suggested that at least some 
bilinguals are able to fully differentiate their two languages 
at a phonetic level. Early learners who learned English as 
young children produced Spanish/t/with mean VOT val- 

ues that did not differ significantly from those of Spanish 
monolinguals, and they produced English/t/with mean 
VOT values that did not differ significantly from those of 
English monolinguals. The same pattern of differences 

between groups was obtained for stops produced in utter- 
ance-medial position and in absolute utterance-initial posi- 
tion. 

Late learners who were first massively exposed to Eng- 
lish as adults, on the other hand, only partially differentiated 
English and Spanish/t/. These subjects produced Spanish 
/t/with values much like those of Spanish monolinguals. 
Although they produced English/t/with significantly long- 
er VOT values than were observed for the Spanish monolin- 
guals' /t/ tokens, they produced English/t/with signifi- 
cantly shorter VOT values than English monolinguals. 
Previous studies of L2 production of late learners have also 

shown such compromise VOT values (e.g., Nathan, 1987; 
Major, 1987). The finding that few late learners' VOT values 

for English/t/closely resembled those of the native speakers 
despite exposure to native-produced English stops over 
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many years agrees with the observation that adults' L2 pron- 
unciation tends to "fossilize" (Selinker, 1972; Scovel, 1988). 

It is also consistent with the hypothesis (Flege and Hillen- 
brand, 1984) that an upper limit exists on how closely late 
learners can approximate the phonetic norms of an L2 for 
sounds in the L2 that differ acoustically from corresponding 
sounds in the LI. 

The results obtained here for early learners support an 

inference drawn from an imitation study by Flege and Eelt- 

ing (1988}. In that study, native speakers of English and 

early L2 learners produced stops with short-lag and long-lag 

VOT values when imitating the short-lag and long-lag 
members of a synthetic VOT continuum ranging from/da/ 

to/ta/. Late learners, on the other hand, seldom produced 
long-lag VOT values when imitating stimuli from the long- 

lag end of the continuum. This finding suggested that the 

early L2 learners had established a phonetic category for the 
long-lag/t/realizations of English even though they pro- 

duced English/p,t,k/with compromise VOT values when 
speaking spontaneously. The authors concluded that the 

early learners may have produced English/p,t,k/with "ac- 
cented" VOT values because they had received foreign-ac- 

cented input as young children. 

The results presented here must be interpreted cautious- 
ly for a number of reasons. First, the study did not examine 
conversational speech. Second, only eight English words 
were examined, and these were not evaluated for degree of 

subjective familiarity. If the effects of phonetic learning dif- 

fuse gradually across the lexicon, as for children learning 
English as an LI (Ferguson, 1986), then the accuracy of 
VOT in an English stop spoken by L2 learners may depend 
on when the word containing that stop was first encoun- 
tered. 

Another reason for caution is that the two bilingual 

groups compared in experiment 1 differed according to fac- 
tors in addition to age of L2 learning. The early learners were 
likely to have received much more native-speaker phonetic 
input than the late learners (see Table II). It is unlikely, 
however, that a lack of phonetic input per se could account 

for why the late learners produced English/t/with signifi- 

cantly shorter VOT values than the English monolinguals. 
Each of them had lived in the U.S. for at least 7 years, and all 

but one of them reported using English at least half of the 
time on a daily basis. 

It is also unlikely that differences in amount of L2 input 
could account for the observed VOT differences between the 

two bilingual groups. Previous research has shown that age 
of learning is the single most important determinant of how 
well an L2 will be pronounced. Length of residence, which is 
often used as a gross estimate of amount L2 phonetic input, 
has often been shown to exert a much smaller, and usually 

nonsignificant, effect on global foreign accent (Tahta et el., 
1981; Seliger et al., 1975; Oyama, 1976; Purcell and Surer, 
1980; Thompson, 1984; Flege, 1990b). Global foreign ac- 

cent, in turn, is known to be significantly correlated with 
VOT in stops spoken by nonnative speakers (Flege and Eelt- 

ing, 1987a; Major, 1987). A number of studies have shown 
little or no difference for VOT in stops spoken by L2 learners 

who had just arrived in the U.S. or had resided there for 3 or 

more years (Williams, 1979, 1980; Flege and Port, 1981; 

Port and Mitleb, 1983). 

A study of intrasubject variability showed that neither 

the early nor the late learners had greater token-to-token 
variability in producing/t/than the English monolingual 

subjects. There was somewhat more intrasubject variability 
among the late leamen than among the early learners and 

English monolinguals, but the differences were nonsignifi- 
cant. An inspection of individual subject data suggested that 
the mean value reported for the late learners' production of 

English/t/did not adequately represent all subjects in that 
group. Although most subjects produced English/t/with 
the expected compromise values, some seemed to have pro- 
duced English words with a "Spanish"/t/(i.e., with short- 
lag VOT values of about 20 ms) and a few managed to pro- 
duce English/t/with long-lag VOT that fell within the 
range of values observed for the native English subjects. It is 
uncertain whether these individual differences were due to 

differences in underlying phonetic organization, or in the 
modulation of phonetic parameters. 

The results of previous research with late learners re- 
viewed in the Introduction suggested the possibility that the 

ability to accurately produce voiceless aspirated stops in an 
L2 may be normally distributed. This observation must be 

considered tentative for several reasons, however. First, as 

alluded to above, most previous studies have examined 

speech that was read rather than spoken conversationally. 

Such an elicitation procedure is likely to increase the likeli- 

hood that articulation strategies may obscure normal pat- 

terns of production. Second, relatively few previous studies 

have reproted individual subject data. Most L2 production 
studies have simply presented mean values for groups of sub- 

jects. 

II. EXPERIMENT 2 

The purpose of this experiment was to replicate and ex- 

tend experiment 1. In experiment 1, Spanish-English bilin- 
gual subjects read lists of English and Spanish utterances in 
counterbalanced order. The research assistants who elicited 

the data switched between the two languages, as appropri- 
ate, to reduce the artificiality of the speaking situation. How- 

ever, bilinguals seldom confine themselves to speaking L! 
and L2 in distinct, nonoverlapping blocks. They typically 

switch between their two languages, at least with interlocu- 
tors familiar with both languages, as were the assistants who 
elicited the data (Grosjean, 1982 }. Therefore, in the present 

experiment, some of the bilingual subjects from the first ex- 
periment produced Spanish and English in alternation. 

A. Methods 

1. Subjects 

Of the bilingual subjects in experiment 1, all but two 

early learners participated in this experiment. Data for a 
third early learner were not usable owing to an equipment 
malfunction. To ensure an even number of subjects in the 

two bilingual groups, three late learners were eliminated by 
random selection. The seven early and seven late learners for 

whom data will be reported are indicated in Table II. This 
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subset of subjects differed in much the same way described 
earlier in terms of chronological age, formal education in 

English, self-estimated daily usage of English and--most 
importantly--age of L2 learning. The early learners in ex- 

periment 2 began learning English at the age of 5 to 6 years, 
whereas the late learners began learning English when they 

arrived in the U.S. at an average age of 19 years. 

2. Speech materials 

VOT was measured in the same English and Spanish 

words that were examined in experiment 1. The words were 

produced in three consecutive conditions designated the 
"sentence," "phrase," and "word" conditions. In the sen- 
tence condition, disyllabic test words were produced at the 

end of an English or Spanish carrier phrase, as appropriate 

("Take another word such as_"; "Tengo palabras como_"). 
In the phrase condition, the test same words were produced 
at the end of an English or Spanish phrase ("Take 

a_";"Tengo un_"). In the third condition, isolated Spanish 
and English test words were produced in alternation. The 
same random order (that of experiment 1 ) was used in all 
three conditions. 

3. Procedures 

The experiment was carried out by the same bilingual 
research assistants as in experiment 1. Half of the subjects 
heard recorded instructions in English, half in Spanish. The 

subjects were told that they would produce English and 
Spanish sentences, phrases, and isolated words in alterna- 
tion. To distinguish between languages, the Spanish materi- 
als were highlighted on the written lists used to elicit produc- 
tion. In the isolated word condition, language identity was 

redundantly specified by placing the letters "E" or "S" in 
front of each word. 

The onset of each utterance in the three conditions was 

regulated by a light-flashing device. The subjects were in- 
structed to time the onset of successive utterances to coin- 

cide with the light flashes. The interval between flashes was 

3.2 s in the sentence condition, 1.8 s in the phrase condition, 
and 1.1 s in the word condition. Pilot tests revealed that these 

were the shortest intervals that some subjects could accom- 

modate. The subjects were permitted to practice with the 

sentence material before data collection began. The subjects 

were told to skip an utterance altogether if they lost the 
rhythm they had established. In several instances the sub- 

jects came to a complete halt. The conditions in which this 
happened were rerun. 

4. Measurement 

The VaT of word-initial/t/'s in Spanish and English 
test words were measured to the nearest 0.1 ms from oscillo- 

graphic displays. A total of 20 word-initial/t/tokens from 
the middle of the lists were measured for each subject in each 

condition. From these, four mean VaT values per condition 

were calculated: two for English/t/tokens (one for words 
with/i/, one for words with/e/) and two for Spanish/t/ 
tokens (one for words with/i/, one for words with/e/). 

Most of the mean values were based on five observations; 

none was based on fewer than three tokens. The assistant 

listened for pauses between utterances before making the 
VaT measurements. The/t/'s were not measured in the 

1.6% of sentence-condition utterances judged to have been 

preceded by a pause; the small percentage of utterances in 
the phrase and word conditions preceded by a perceived 

pause (3.1% in both instances) were also excluded from 
analysis. 

B. Results 

1. VOT 

The mean VaT values obtained for the two bilingual 
groups are shown in Fig. 3. Averaged across the three 
switching conditions and two vowel contexts, the early 

learners produced a substantially greater difference between 
English/t/and Spanish/t/ (60 vs 21 ms) than the late 
learners (38 vs 22 ms). The mean VaT values were submit- 

ted. to a (2) groupX(3) switching conditionž(2) lan- 
guage • (2) vowel ANOVA with repeated measures on the 

last three factors. This analysis yielded a significant group 
• language interaction [F(1,12) = 12.0, p < 0.05 ], which 
was explored by tests of simple main effects. Both the early 

and the late learners were found to produce/t/with signifi- 

cantly longer VaT values in English than Spanish 
[F(1,6) = 163.1, 8.72, p < 0.05 ]. The source of the interac- 

tion was therefore likely to have been the greater magnitude 
of the Spanish versus English difference for the early than 
the late learners (41 vs 16 ms). 
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FIG. 3. The mean VaT (in ms) of Spanish and English/t/s spoken by early 
and late learners in three conditions (sentence, phrase, word) in which Eng- 
lish and Spanish utterances were produced in alternation. Each mean is 
based on measures made for seven subjects in two vowel contexts. The error 
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Averaged across the two groups and two vowel con- 
texts, the magnitude of the Spanish vs English difference 
decreased as the rate of cross-language switching increased. 
It averaged 32 ms in the sentence condition, where the inter- 

val between successive Spanish and English/t/'s was the 
greatest. It averaged 26 ms in the phrase condition, and 25 
ms in the word condition. These differences resulted in a 

significant language X switching condition interaction 
[F(2,24) = 4.44, p < 0.05], which was explored by tests of 
simple main effects. The condition factor was significant for 
both the English/t/and the Spanish/t/[F(2,26) = 5.03, 
6.02,p < 0.05 ]. Post hoc tests revealed that VOT values were 

significantly greater for English it/in the sentence condi- 
tion than in either the phrase or the word conditions (53 vs 
46, 48 ms). VOT for Spanish/t/, on the other hand, was 
significantly shorter in the sentence and phrase conditions 
than in the isolated word condition (21, 20 vs 24 ms). 

As in experiment 1, the VOT for/t/was longer for stops 
preceding/i/than/e/. The vowel context factor was signifi- 
cant for both English/t/and Spanish/t/[F(1,13) = 30.8, 
21.0; p<0.05]. It is likely that the significant langua- 
ge X vowel context interaction obtained [F(1,12) = 6.03, 
p < 0.05 ] was due to the fact that, as in experiment 1, the 
vowel context effect was greater in English words (55 vs 44 
ms) than in Spanish words (24 vs 19 ms). 

2. Switching time 

The early and late learners were given the same instruc- 
tions, and told to time successive utterances in the three con- 

ditions in synchrony with light flashes emitted by a timer. 
The time between successive flashes decreased across condi- 

tions, which meant that the subjects had to switch ever more 

rapidly between languages. The lack of a significant grou- 
p X language X condition interaction suggested that the need 
to switch more rapidly between L 1 and L2 affected speech 
production by the two bilingual groups in the same way. 
However, it appears that the subjects in the two groups did 
not perform the task in the same way even though they were 
given the same instructions. 

Although the subjects developed a rhythm based on the 
light flashes, the onsets of their utterances sometimes pre- 
ceded the light flashes, and some utterances encroached onto 
the next interval. As an estimate of the time available for 

planning the production of each Spanish and English/t/, 
"/t/-to-/t/" intervals were measured to the nearest 0.1 ms 

:in each condition from the release burst of the/t/in one 
(Spanish or English) test word to the release burst of/t/in 
the following test word. Two mean values were calculated 
for each subject in the three conditions. One mean value was 

based on measures of the time between the/t/in each Eng- 
lish test word and the/t/in the following Spanish test word; 
the other mean value was based on the time between the/t/ 

in each Spanish test word and the/t/in the following Eng- 
lish test word. These intervals were designated the "E-S" 
and "S-E" switches, respectively. Mean E-S and S-E values 
were calculated for each subject for each of the three condi- 

tions. Each mean was based on two observations, one in 
which the vowel of the test word was/i/and one in which 
the vowel was/•/. 

The measured duration of the intervals between/t/'s 

initiating successive Spanish and English test words was 
somewhat shorter on the average than the actual intervals 
specified by the light flashes in the sentence and phrase con- 
ditions (2.9 and 1.6), but slightly longer ( 1.2 s) in the word 
condition. The mean intervals for the early and the late 
learners are shown in Fig. 4 as a function of the direction of 
the switches. For the E-S switches, the/t/-to-/t/intervals 

decreased as the rate of switching became more rapid (sen- 
tence: 2.7, phrase: 1.7, word: 1.2 s). The same held true for 

the S-E switches (sentence: 3.0, phrase: 1.5, word: 1.2 s). 
Averaged across the two groups, the /t/-to-/t/ intervals 
averaged 62 ms longer (i.e., 1.909 vs 1.847 s) for the S-E 

than E-S switches. The/t/-to-/t/intervals averaged 312 ms 
longer (i.e., 2.034 vs 1.722 s) for the late than early learners. 
The difference between the two groups decreased from the 
sentence to the phrase to the word condition (497, 341,100 
ms). 

The 84 mean/t/-to-/t/values obtained for subjects in 
the two bilingual groups were submitted to a (2) 
group • (3) condition X (2) direction-of-switch ANOVA, 

with repeated measures on the last two factors. A significant 
group X condition interaction was obtained 

[F(2,24) :-- 6.24, p < 0.05], which was explored by testing 
the simple main effect of group for the three switching condi- 
tions. The early learners'/t/-to-/t/intervals were signifi- 
cantly shorter than the late learners' in the sentence and 

phrase conditions [F( l, 12) --- 10.18, 9.82; p•O.05 ] but not 
in the word condition [F(1,12) ---- 2.66]. 
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The direction-of-switch factor was marginally signifi- 
cant [F(1,12) = 4.61, p = 0.053]. A three-way interaction 
involving the direction factor was obtained 
[ F(2,24) = 10.4, p < 0.05 ]. The simple main effect of group 
was tested for all eight direction X condition combinations. 

Only one between group difference was significant at a per- 

experiment error rate of 0.05 [F(1,12) = 16.0, p = 0.0018 ]. 
For S-E switches in the sentence condition, the/t/-to-/t/ 

intervals were significantly longer (by 772 ms) for the late 

than early leamen. The two groups showed no significant 

differences when switching from English to Spanish. 

C. Discussion 

This experiment yielded results that were much the 
same as those obtained in experiment 1. Both early and late 

learners produced/t/with significantly longer VOT values 

in English than Spanish, but the magnitude of the Spanish 

versus English VOT difference was substantially greater for 
the early than the late learners (41 vs 16 ms). 

The bilingual subjects produced a larger VOT difference 

in the sentence condition, where Spanish and English sen- 
tences were produced in alternation, than in the word condi- 
tion, where isolated Spanish and English words were pro- 
duced in alternation. The differing size of the Spanish versus 
English difference occurred because the VOT of English/t/ 

decreased, whereas the VOT of Spanish/t/increased some- 

what, as the switching rate increased from the sentence to 
the word condition. Given the opposite direction of the 

changes in VOT for the Spanish/t/and the English/t/, the 
changes were unlikely to have been caused simply by a 
change in speaking rate. 

The group • condition • language interaction was non- 
significant. This might be taken to mean that the early and 
late learners switched between English and Spanish in the 

same way, but such a conclusion would be misleading. Even 

though VOT changed in much the same way for the two 

groups, and even though the same nominal procedures were 
followed for both groups, there was evidence that early and 
late learners did not perform the switching task in the same 
way. The late learners'/t/-to-/t/intervals averaged 312 ms 

longer than the early learners'. 
Previous research has shown that a measurable amount 

of time is needed to switch between two languages (Kolers, 
1966). Maenamara et al. (1968) found that it took French- 

English bilinguals 210 ms longer to rapidly name lists of 
digits in French and English than to name digits in just one 
language. However, the duration of the/t/-to-/t/intervals 

should probably not be regarded as a measure of the time 
needed to switch between languages, that is, to turn one lan- 
guage system "on" and the other "off" ( Kolers, 1966). This 
is because, apart from the isolated words, the time from the 
onset of successive utterances and the (utterance-medial) 

/t/'s that were measured may have varied. 8 
The difference between the early and late learners'/t/- 

to-/t/intervals implies that the late learners prolonged cer- 

tain sounds, or paused to a greater extent, than the early 

learners. Some of the English sounds differed from any 

sound in the Spanish phonetic inventory. The English car- 
rier sentence "Take another word such as "contained a 

vowel and a consonant (viz. /e'l,lt/) that only partially 
resemble any Spanish vowel or consonant. It contained three 
vowels and one consonant (viz./ae//$'/,/n/,/O/) without a 

direct counterpart in Spanish; and it contained three conson- 

ants (/z/,/•/,/d/) that are not found in a comparable sylla- 
ble position in Spanish. 

It is tempting to speculate that the late learners may 
have prolonged sounds or paused between words in anticipa- 
tion of the need to produce the non-Spanish sounds. They 
may have needed additional time to formulate plans for im- 

plementing English sounds that are not found in the Spanish 

phonetic inventory. The added time may have been expend- 

ed on producing sounds whose mode of motorie implemen- 
tation had not yet been fully automaticized, or to make mod- 

ifications of previously established "programs" for 
implementing sounds in Spanish. One result obtained in ex- 

periment 2 is consistent with either interpretation. The/t/- 

to-/t/intervals were 62 ms longer on the average when the 
bilingual subjects switched from English to Spanish than the 
reverse. 

One possibility is that the "switching time" difference 

between early and late learners derived from the method 

used to elicit production in Spanish and English (viz. read- 
ing). However, Macnamara (1969) reported that, although 
reading speed is a strong predictor of relatively proficiency 

in two languages, the speed of switching between languages 
is not. Moreover, Macnamara et al. (1968) found no differ- 

ence in switching time between two groups of bilinguals who 

apparently differed in much the same way as the early and 
late learners of the present study. 

Finally, it is worth noting that experiment 2 examined 
code switching rather than code borrotoing, defined by Gros- 

jean and Soares (1986) as the production in a host language 

of a word/phrase from a donor language using the "phonol- 
ogy" of the host language. Their spectrographic data sug- 
gested, for example, that a native French speaker who inserts 

an English word into a French sentence will say the English 
word with French acoustic phonetic characteristics. The re- 

sults presented here suggest that the early and !ate learners 
may have code switched in the same manner, at least in re- 

gards to speech production. The possibility exists, however, 
that the early and late learners would have been found to 

differ had their production of English words inserted into a 
Spanish conversation (or the reverse) been examined. 

III. GENERAL DISCUSSION 

The results obtained in experiments 1 and 2 confirmed a 

result obtained for late L2 learners in many previous studies 
of L2 speech production. Native Spanish speakers who had 

learned English as adults produced English/t/with com- 

promise VOT values intermediate to the values observed for 
Spanish and English monolinguals. The two experiments 
showed that native speakers of Spanish who learned English 
as young children, on the other hand, fully differentiated the 
/t/of English and Spanish. Neither the early nor the late 

learners' VOT values differed from Spanish monolinguals' 

in the production of Spanish/t/. The early learners pro- 
duced English/t/with VOT values that were significantly 
longer---and therefore more English-like--than the late 

404 J. Acoust. Soc. Am., VoL 89, No. 1, January 1991 James Emil Flege: VOT in a second language 404 



learners'. In fact, the early learners did not differ from Eng- 

lish monolinguals in producing English/t/. 

The present study is apparently the first to have com- 
pared the performance of early and late learners. The early 

learners were known to have received input from native Eng- 

lish speakers when they first began to learn English. Two 
previous studies showed that early learners produced Eng- 
lish/p,t,k/with "compromise" VOT values (Caramazza et 

al., 1973; Flege and Eelting, 1987a). The nature of the L2 

phonetic input received by these early learners is not known. 
The results of the present study suggest that they may have 
received accented L2 input. 

How can we account for the difference between the early 
and late learners in the production of English/t/?. Three 
general types of explanation are possible. (1) The early 
learners may have perceived the acoustic phonetic charac- 

teristics of English voiceless stops more accurately than the 

late learners. This, in turn, might have prevented the late 
learners from producing English/t/with native-like VOT 

values. (2) The early and late learners may have perceived 

English/t/in the same manner, but the late learners may 

have been relatively less able than the early learners to mo- 

torically output what they represented pereeptually. (3) 

The early and late learners may have been equally able to 
perceive English/t/accurately and to develop means for 

producing voiceless stops with long-lag VOT values. How- 
ever, the late learners may have been unable to fully utilize 

their sensorimotor capabilities owing to the state of develop- 

ment of their phonetic system when they began learning 

English as an L2. These three types of explanation will be 
considered in turn in the following sections. 

A. Perception of L2 sounds 

As discussed in the Introduction, Spanish and English 

/t/differ in terms of glottal-supraglottal timing and place of 
linguapalatal constriction. Cross-language differences in 
speech production often coincide with differences in phonet- 

ic perception. Experiments with synthetic VOT continua, 
for example, have shown that longer VOT values are needed 
for native English than Spanish listeners to judge stops as 
voiceless (Abramson and Lisker, 1973; Williams, 1977a; 

Flege and Eftting, 1986). This perceptual difference corre- 

sponds to the longer VOT values observed in the production 
of English than Spanish /p,t,k/. Similarly, Elman et al. 
(1977) showed that Spanish monolinguals judged natural 
short-lag stops as/p/, whereas native English monolinguals 

judged them as/b/. 

Bohn and Flege (1990), on the other hand, found that 
native speakers of English often judged short-lag Spanish [ t ] 
tokens as/t/. Native speakers of Spanish---even those with 
little previous exposure to English--consistently classified 
long-lag realizations of English/t/as voiceless (see also 
Munro, 1987; Yeni-Komshian et al., 1968). These findings 

suggest that VOT may be a less important cue to word-initial 

stop voicing contrasts than is commonly supposed. 9 More 
importantly for the current discussion, it suggests that Span- 

ish and English/p,t,k/are regarded as phonologically the 
same despite differences in VOT. Although Spanish and 

English/t/differ acoustically, they seem to share certain 

properties, such as a lack of voicing immediately following 
stop release (Williams, 1977a), which causes bilinguals to 
identify them with one another. 

An important issue for L2 research is whether the age at 
which L2 learning commences will affect how much acous- 

tic phonetic information in L2 sounds is filtered out. Burn- 

ham (1986) suggested that certain phonemically nonrele- 

vant acoustic dimensions are more easily perceived by 

listeners of all ages because they are salient auditorily (see 

also Best et al., 1988). The acoustic phonetic contrast be- 
tween/p,t,k/in Spanish and English might be auditorily 
salient for Spanish learners of English, so that the acoustic 
phonetic differences between Spanish and English/t/can be 
detected readily. The results obtained in a foreign accent 
mimicry experiment by Flege and Hammond (1982) sug- 
gested that native speakers of English can detect acoustic 

differences between the English/t/'s produced by native 
and Spanish speakers of English (see also Flege, 1984). VOT 
values were significantly longer in/t/'s spoken in normal 
English utterances than in utterances produced with a mim- 
icked Spanish accent. 

The differences between phonetic and phonemic pro- 
cessing suggests that the conscious perception of sound- 

sized units occurs primarily at the end of several processing 

stages. "Within-category" acoustic phonetic differences be- 
tween English/p,t,k/and Spanish/p,t,k/may normally go 
unnoticed at a conscious level during the on-line comprehen- 
sion of spoken language, but listeners may be able to gain 

access to phonetic information, or to exploit it in certain 
auditory processing tasks. That is, even though Spanish 

speakers may regard English/p,t,k/as the "same" as Span- 

ish/p,t,k/at a phonemic level, they may treat the realiza- 

tions of these phonemes as different at a phonetic or an audi- 
tory level of processing. 

Many late learners examined in the present study ap- 

proximated the English phonetic norm for/t/without actu- 
ally achieving it. The basis for the apparent limitation on 

how closely L2 phonetic norms were approximated may 

have been perceptual in nature. According to Flege ( 1988a, 
1990a; Flege and Eefting, 1987al, "similar" sounds such as 

the/t/of Spanish and English will be equated at a phonetic 

category level ilL2 learning begins after about the age of 5 or 

6 years, so that a distinct perceptual representation for Eng- 
lish/t/will not be developed. A number of "language set" 
experiments are consistent with the view that late learners of 

English L2 do not establish distinct perceptual representa- 

tions for English voiceless stops. Elman et al. (1977) found 
that Spanish-English bilinguals who pronounced English 
with a foreign accent did not label short-lag stop differently 

(i.e., as/p/vs/b/) when they were processing the stops in 
Spanish and English perceptual sets. Flege and Eelting 
(1987b) examined Dutch subjects' identification of the 

members ofa VOT continuum ranging from/d/-/t/. Phon- 

eme boundaries obtained in Dutch and English language sets 
differed significantly, but the size of the phoneme boundary 
shifts were much smaller (3 ms) than the difference one 

would expect between Dutch and English monolinguals. 
There is some indirect evidence, on the other hand, that 
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early learners may establish a perceptual representation for 
English/t/. The identification functions obtained for early 

learners by Caramazza et al. (1973) were nonmonotonic, 

showing shifts at two points along the VOT continua exam- 
ined. A partial shift occurred at a point along the continua 
where French phoneme boundaries would be expected; com- 
plete shifts were observed at points nearer to the English 
phoneme boundary. Some subjects in the Elman et al. study 
showed a language set effect. These were the subjects who 
spoke English with little accent, so they may have been early 
learners (DieM, 1988). 

Other evidence suggests, however, that early learners do 
not establish a separate perceptual representation for Eng- 
lish/t/, or do so at the expense of their previously estab- 

lished perceptual representation for Spanish/t/. The mean 
phoneme boundaries obtained for early learners in a forced- 
choice test by Caramazza et al. (1973) occurred at values 
intermediate to those observed for French and English mon- 

olinguals. Some of the Spanish-English bilinguals examined 
by Williams (1977b) had phoneme boundaries near those of 
Spanish monolinguals; others had boundaries nearer to 
those of English monolinguais. 

Two experiments using synthetic stimuli with early 
learners failed to show significant language set effects with 
early learners (Caramazza et al., 1974; Williams, 1977b). 
Bohn and Flege (1990) found the same, small language set 
effect for naturally produced short-lag stops for both early 
and late learners. Williams' (1979, 1980) research with 

Spanish-English bilingual children suggested that although 
they may initially divide VOT continua like Spanish mono- 
linguals, their phoneme boundaries will shift toward English 
values as they gain experience in English. Also, sensitivity to 
the (Spanish) distinction between stops with lead and short- 
lag VOT in discrimination tests seemed to diminish, espe- 
cially that of the children who learned English in early child- 
hood. 

The results obtained in previous speech perception re- 
search with early and late learners suggest two hypotheses 

concerning the perception of similar sounds in LI and L2. 
The first is that neither early nor late learners establish per- 

ceptual representations for English/p,t,k/that are distinct 
from representations established previously for the LI 
/p,t,k/. On this view, the existing L1 categories either go 
unmodified, or else evolve so as to reflect the acoustic prop- 

erties of voiceless stops in both L 1 and L2. 
The second hypothesis is that the results obtained in 

previous experiments employing a two-alternative forced- 
choice task, especially those employing synthetic stimuli, do 
not provide insight into how stops are specified at aphonetic 
category level. The existence of phonetic category represen- 

tations may be difficult to demonstrate in a task that encour- 

ages listeners to access the final stage of auditory perceptual 
processing, that is, the phonemic stage. It has been suggested 
that the acoustic phonetic contrast between/t/and/d/in 
English is more salient auditorily than the Spanish phonetic 
contrast between/t/and/d/(Williams, 1980). If so, then if 

bilingual subjects did have distinct perceptual representa- 
tions for short-lag and long-lag voiceless stops, they might 

have preferred to use the one that underlies the English/t/- 

/d/ distinction in a two-alternative forced-choice test. 

The results obtained to date do not make it possible to 

choose between these two hypotheses. However, the finding 

of the present study that early but not late learners fully 

differentiated the/t/'s of Spanish and English is more con- 
sistent with the hypothesis that early learners do establish a 

perceptual phonetic representation for English/t/. 

B. Speech learning ability 

Even if one assumed that the late learners examined in 

the present study did have perceptual representations for 
English/t/, and those representations were as accurate as 

those of the early learners, the late learners might have dif- 
fered from native speakers of English because they had 

passed a critical period for learning new forms of pronuncia- 
tion. Some have supposed (e.g., Sapon, 1952) that pronun- 

ciation ability declines with age. Lenneberg (1967) conclud- 
ed that a foreign accent in an L2 is "inevitable" if it is learned 
after puberty because brain development and lateralization 

for language function have reached completion by that 

time) ø Many others have also hypothesized the existence of 
a critical period for human speech learning that derives from 
brain maturation (Penfield and Roberts, 1959; Lamendella, 

1977; Scovel, 1988; but see Flege, 1987b). 

One might hypothesize, therefore, that the late learners 

had less ability than the early learners to motorically imple- 
ment their perceptual representations for sounds. There is, 
however, no direct evidence for age-related atrophy or 
change in those centers of the human brain that direct speech 
movements or regulate auditory processing. Moreover, the 

neural maturation hypothesis can be questioned on both 
neurological and empirical grounds (see Snow, 1987; Kins- 

bourne, 1981; Whitakeretal., 1981; Krashen, 1973). Even if 

this were not so, an important problem exists for a critical 
period account. 

A critical period account provides no insight into which 

specific aspects of the phonetic learning process may change 
with age. One wonders, for example, why the late learners 
showed compromise VOT values. There is no a•oriori reason 
to think that it is somehow easier for late learners to produce 

a partial modification of previously established articulatory 
patterns than to produce a complete modification that would 
enable them to match native speakers of English. In fact, the 
comparative rarity of stops with VOT values in the "com- 

promise" range observed here for late L2 learners is prob- 
ably disfavored for articulatory or perceptual reasons. Lan- 
guages tend to have either short-lag stops or aspirated stops 

like those of English. Few languages, it seems, have stops 
with VOT values in between these two "modal" categories 
(Lisker and Abramson, 1964). But this is just what was ob- 
served here for late L2 learners. 

C. Phonetic system depelopment 

The speech learning model (SLM) described by Flege 

(e.g., 1988a, 1990a) can be used to account for why the early 
and late learners differed. As alluded to earlier, the SLM 

posits that auditory processing occurs at distinct auditory, 

phonetic, and phonemic levels (see also Werker and Logan, 
1985; Burnham, 1986). The auditory level makes no refer- 
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ence to meaning or phonetic function. At the phonetic level, 
classes of phones are contrasted acoustically by properties 
that are sufficiently robust that they might be used to signal 
meaning contrasts in some language, but not necessarily the 

listener's native language (e.g., the difference between re- 
leased and unreleased word-final stops in English). At the 
most abstract, phonemic, level of processing, phonetically 
relevant classes of phones ("sounds") are grouped together 

in functional units through the rules that comprise a learned, 
phonological system. 

When processed at a phonemic level, sounds that may 
be distinct auditorily are treated as realizations of a single 

category. Fodor (1983) proposed that an important charac- 
teristic of input systems that make use of highly specialized, 

encapsulated systems is that the perceiver will have con- 

scious awareness only of representations that are derived in 
the final stages of processing. However, according to the 
SLM, listeners remain able to access a phonetic level of rep- 
resentation, which enables them to learn to distinguish novel 

phonetic contrasts. If humans did not possess such an ability 
it would be impossible, for example, for students to learn to 

transcribe foreign sounds in phonetic classes or learn to note 
differences between allophones of a phoneme in their L1. 

The SLM posits that speech production is organized at 

phonemic category, phonetic category, and sensory-motor 
levels. The phonemic categories specified in lexical entries 

are output using a finite number of universal phonetic cate- 

gories that, in turn, are motorically output using phonetic 
realization rules. The model builds on work by Keating 

(1984), who described how phonetic and phonemic catego- 

ries might be interfaced. Keating concluded that phonologi- 

cally voiced and voiceless stops are implemented by one of 
three universal phonetic categories, corresponding roughly 
to Lisker and Abramsoh's three modal VOT categories. So, 

for example, the voiced phoneme/d/may be implemented 
using short-lag or lead categories, and the voiceless phoneme 
/t/may be implemented using a short-lag or a long-lag pho- 

netic category. 

One way in which English differs phonologically from 

Spanish in that the long-lag phonetic category is used to im- 
plement/t/rather than the short-lag phonetic category. 
Language-specific realization rules are used to motorically 
output phonetic categories (Lieberman, 1970). The rules of 
one language, when applied to a long-lag stop category, 

might result in VOT that were slightly, but significantly 
longer, than the VOT values of another language. 

The SLM posits that after phonetic categories have bren 
established for LI sounds in early childhood, listeners are 

increasingly likely to identify L2 sounds that partially re- 

semble cor. responding sounds in the L 1 (referred to as "simi- 
lar" sounds) as being realizations of an L1 category. Late 
learners will persist in identifying similar L2 sounds such as 
Spanish and English/t/, whereas early learners will even- 

tually note the acoustic phonetic differences between them. 

As a result, early but not late learners will establish phonetic 

categories for similar L2 sounds, and early but not late learn- 
ers will produce them authentically (i.e., like native speak- 
ers). 

On this account, the early learners in the present study 

succeeded in fully differentiating Spanish/t/and English 
/t/because they used two different phonetic categories to 

implement the phoneme/t/in Spanish and English. The late 
learners were unable to fully differentiate the/t/'s of Span- 
ish and English because they did not have a separate phonet- 

ic category with which to implement/t/in English. If the 
late learners did not possess a phonetic category for English 

/t/, how then did most of them produce it with longer VOT 
values than Spanish/t/? 

The SLM posits that, when late learners identify corre- 

sponding L1 and L2 sounds in terms of a single phonetic 
category, but auditorily detect acoustic differences between 

them, they may produce the LI and L2 sounds differently by 

applying different phonetic realization rules. According to 
Port and Mitleb (1983), realization rules determine the "de- 

tails of speech timing and coordinate the commands to the 
speech articulators" (p. 220). The notion of "realization 
rule" is well established in the literature, but far more atten- 

tion has been paid to temporal than spatial aspects of the 

gestures used to form speech sounds. This may be due to the 
fact that speech timing is often measured more easily than 

spatial properties such as the place of tongue-palate contact 

in stop consonants. 
Most investigators have considered realization rules to 

be language specific (see, e.g., Liberman, 1970; Nooteboom, 
1973; Klatt, 1976; Kent and Minifie, 1977; but cf. Stevens 

and House, 1972) perhaps owing to the small but systematic 
timing differences that have been observed between corre- 

sponding sounds in different languages (e.g., Lehiste, 1970; 
Ladefoged, 1980; Port et al., 1980). Within a single lan- 
guage, phonetic realization rules are needed to account for 
how speakers systematically modify their production of a 
phonetic category as a function of, for example, social con- 
text (e.g., Labov, 1981 ). It is uncertain whether realization 
rules are distinct from the parameter manipulations used to 
effect changes in speaking rate or emphasis. 

In fact, relatively little is known concerning the neural 
control mechanisms for phonetic realization rules. Lofqvist 
and his colleagues have examined in detail the production of 

stop consonants (Lofqvist, 1980; Lofqvist and Yoshioka, 
1980, 1981; Lofqvist, 1980; Yoshioka et al., 1981). This 
body of work indicates that the stereotypic laryngeal gesture 

used to ensure an interval of voicelessness in/p,t,k/is effect- 

ed by the coordinated innerration of intrinsic laryngeal mus- 
cles that rapidly abduct, then adduet, the vocal folds. In 
agreement with the earlier VOT research (Lisker and 
Abramson, 1964, 1967; Abramson, 1977), Lofqvist con- 

cluded that it is principally the timing of the laryngeal de- 

voicing gesture with respect to supraglottal gestures which 
gives rise to a rich complex of acoustic features that includes 
VOT. 

It is uncertain if the size of the glottal aperture or the 
rate of opening-closing can be regulated volitionally by 
talkers. It is also uncertain whether the timing of the devoic- 

ing gestures can be so regulated. Shaiman et al. (1985) found 
that. when the lip closing gestures for/p/were delayed by an 

unanticipated perturbation, the laryngeal derciting gestures 
were delayed proportionally. This suggests that the tempo- 
ral coordination needed to specify language-specific VOT 
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values may derive from rapid sensorimotor reflex interac- 
tions between laryngeal muscles such as the PCA and mus- 

cles used in forming supraglottal constrictions. The authors 
concluded that, although patterns of laryngeal-supralaryn- 
geal coordination (and, ultimately, VOT) may represent a 
predetermined phonetic "goal," the timing pattern itself 
may not be "explicitly programmed but implemented down- 
stream, by sensorimotor actions" (p. 185). 

D. Critique of the three-level model 

Speech production has historically been viewed as a 
two-stage process in which abstract sound units (pho- 

neroes) are first selected at higher levels of a message-gener- 
ating system, then related to a lower level system for trans- 
formation into a code suitable for the generation and control 

of artieulatory movement (e.g., Perkell, 1980; MacNeilage, 
1980; MaeNeilage et al., 1981; Kent and McNeil, 1987; but 

see Lieherman, 1970). The speech production model pro- 
posed to account for differences between early and late learn- 

ers differs from previous models in that it proposes three 
distinct levels of organization (Flege, 1988a, 1990a). That 
is, it distinguishes between a level of representation at which 

"universal" characteristics of phonetic segments are speci- 
fied and a level at which fine-grained, language-specific de- 
tail is provided. The former is designated the level of phonetic 

implementation, the latter as the level ofphonetic realization. 

At the implementation level, a phoneme such as English 
/t/would be represented as having tongue-tip constriction 

and a pattern of laryngeal timing that results in long-lag 
VOT values. The realization level would specify, among oth- 
er things, a constriction of the tongue tip and dorsum against 
the alveolar ridge and a laryngeal timing pattern that results 
in VOT of approximately 65 ms rather than, say, 45 ms. This 
approach is consistent with the belief in the existence of uni- 

versal sound types that are modified through language-spe- 
cific learning (Chomsky and Halle, 1968). 

One problem for this approach is that it rests on an un- 

tested assumption. With respect to the data of the present 
study, it is assumed that large VOT differences between 

Spanish [t] and English [t h ] phones can only arise through 
the implementation of/t/using different phonetic catego- 
ries. It is further assumed that relatively small VOT differ- 
enees, such as the difference observed in the late learners' 

production of Spanish and English stops, will arise through 

the application of different realization rules to a single pho- 
netic category. 

Experiment 2 afforded the opportunity for testing the 
distinction between phonetic implementation and realiza- 
tion. The need to choose between competing structures adds 
a finite amount of processing time in motor tasks (e.g., 

Sternberg, 1969). If one assumes that lexical items are 

marked for language identity (Macnamara, 1969; Neufeld, 

1976), and that phonetic implementation processes are rea- 
died when a word is lexically accessed for production (Flege, 
1990c), then one might expect late learners to take slightly 
longer to motorically output L2 words containing similar 
sounds than early learners. This is because late but not the 

early learners would need to choose between two completing 
realization rules to motorically output Spanish and English 
words with/t/. 
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In experiment 2, the bilingual subjects were required to 
switch with increasing rapidity between Spanish and Eng- 
lish. Under sufficient time pressure, the late learners might 
have been expected to abandon the later-acquired (English) 
realization rule in favor of the early-acquired (Spanish) real- 
ization rule (see Kewley-Port and Preston, 1974). Experi- 
ment 2 did not, however, provide support for the distinction 
between phonetic implementation and realization. The mag- 
nitude of the Spanish versus English VOT difference did de- 
crease slightly as the rate of switching increased, but the size 
of the decrease was not significantly greater for the late 
learners than for the early learners. 

This finding did not provide counterevidence against 
the implementation-realization distinction, however. The 

interval between successive English and Spanish/t/'s was 
over 300 ms longer for the late than the early learners. It is 
conceivable that this extra time was due to the late learners' 

need to select between competing realization rules. Addi- 
tional research is needed to test this hypothesis, for it is also 
possible that the added time needed by the late leamen was 
due to a need for accessing relatively unfamiliar L2 phonetic 
categories. 

Finally, the present study did not provide direct evi- 
dence that the late learners did not haoe distinct categories 
for the/t/'s of Spanish and English. As noted earlier, one 
might argue that most of the late learners produced English 
/t/with only slightly longer VOT values in English than 
Spanish--rather than the substantially longer VOT values 
seen for the early learners•beeause their phonetic catego- 
ries for English/t/were inaccurate. Or, one might argue 
that they were less skillful than early learners in implement- 
ing English/t/as a long-lag stop. 

E. Summary and conclusions 

The present study provided evidence that Spanish-Eng- 

lish bilinguals can fully differentiate Spanish and English 

/t/, at least in terms of VOT, if they learn English as an L2 in 
early childhood but not if they begin learning English as 

adults. A review of the literature provided no support for the 
view that late learners are inherently less capable of learning 
new forms of pronunciation. The literature review suggested 

that early learners may be more apt than late learners to 

develop a central perceptual representation for the long-lag 
stops used to implement English/t/, although this conclu- 
sion is by no means certain and no perception data were 
provided for the subjects in the present study. 

The VOT difference between early and late learners for 

English/t/was interpreted to reflect a difference in phonetic 
organization. Specifically, it was claimed that the early 
learners fully differentiated English/t/from •pani•h/t/ 

because they, unlike the late learners, had distinct phonetic 
categories for the two/t/'s. The late learners were hypoth- 
esized to produce their relatively small Spanish versus Eng- 
lish VOT difference by using two different phonetic realiza- 
tion rules to output a single phonetic category. This 
interpretation ofthe data presented here must be considered 

tentative. No direct evidence was provided for the distinc- 
tion drawn between phonetic implementation and realiza- 

tion. Moreover, although it appeared that the early learners 

were better able to prevent the L1 phonetic system from 
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influencing their L2 speech production, factors that may in- 

fluenee the degree of independence of L 1 and L2 systems are 

poorly understood and therefore may not have been con- 
trolled for adequately in the present study (Obler and Al- 
bert, 1978; Grosjean, 1985). 

However, if the interpretation offered here is supported 
by additional research, it would suggest two important con- 
clusions about the nature of bilingualism: (1) Early L2 

leamen may have an enriched phonetic system that includes 
all phonetic categories possessed by native speakers of the L 1 
and L2; and (2) a bilingual's two languages are represented 

by a unique system that does not represent the sum of the 
competences of two monolingual speakers. This second con- 
clusion is based on the inference that the late learners devel- 

oped a phonetic realization rule that neither Spanish mono- 
linguals nor English monolinguals possess, namely, one used 
to slightly increase VOT in English as opposed to Spanish 
It/. 
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'Suomi (1980) found that Finnish high school students often produced 
English/p,t,k/with Finnish-like short-lag VOT values. Schmidt (1988) 
examined the English spoken by three native Spanish L2 learners with a 
demonstrated "superior" pronunciation of English who had begun learn- 
ing English between the ages of 10-13 years. These subjects produced Eng- 
lish/p/with shorter VOT values than a group of native English speakers 
(33, 40, and 51 vs 72 ms). Flege and Eefting (1987b) found that most 
Dutch adults who began learning English at the age of 12 years tended to 
produce English/t/with short-lag VOT values if they had little English- 
language experience. Those who were experienced tended to produce Eng- 
lish/t/with compromise VOT values. Williams ( 1979, 1980) found that 
even native Spanish children who began learning English between the ages 
of 8-10 years produced English/p/with shorter VOT values than native 
English children. 

2Mack (1990) observed "overshooting" of the English phonetic norm by a 
10 year old who had learned both French and English in early childhood. 

The child produced English/p,t,k/with longer VOT values than native 
English children of the same age. He produced English/p,t,k/with longer 
VOT values than French/p,t,k/which, in turn, had longer VOT values 

than French/b,d,g/, which were unexpectedly produced with English- 
like short-lag VOT values. It appears that the child was attempting to dif- 
ferentiate LI and L2 stops that differed phonetically but not phonological- 
ly. 

•Arsenian ( 1937; cited by Macnamara, 1969) estimated that the reliability 
of subjects' self-reports concerning language usage was of the order of 
r = 0.800 or better. 

4The Spanish/e/phoneme is symbolized here as/r/because it is usually 
realized with an [ • ] variant in closed syllables (Dalbor, 1980 }. The vowel 

in tema may actually have been an [el-quality vowel because it occurred 
in an open syllable. 
SThe research assistant who elicited data from the native English and Span- 
ish subjects in Austin was a native speaker of Spanish who had learned 
English at about the age of 5 years. She seemed to the author to speak 
English without an accent, and reported that this was also true of her 

Spanish. The research assistant who elicited data from six late learners in 
Birmingham, Alabama was a Honduran who had begun learning English 
at about the age of 12 years in a bilingual school. She spoke English with a 
slight accent in the author's opinion. Both assistants switched easily and 

haturally between the Spanish and English portions of the experiment, as 
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